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(57) A peristaltic pumping apparatus has a 
misloaded-tube detector. The detector is constituted 
of a pair of pressure sensors (20) and a CPU (23). 
The pressure sensors (20) are located on both sides 
of a fluid propelling portion (2) onto which an IV tube 
(1) containing a solution is loaded. The detector 
detects a tube misloading by making use of pres- 
sure which is applied to one pressure sensor (20) 
when the tube (1) is displaced onto the pressure 
sensor and is forced against it by the closing of a 
door. Each sensor consists of first and second elec- 
trodes spaced from each other, a pressure-resistive 
conductive element attached to the first electrode 
and spaced from the second electrode and capable 
of connecting thereto, and a resistor connected to 
the first and second electrodes. The CPU (23) 
judges from a resistance value of the pressure sen- 
sor (20) as to whether the tube (1) is properly loaded 
or misloaded or whether the pressure sensor (20) is 
in an operative state. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to a 
peristaltic pumping apparatus and particularly, to a 
misloaded IV (intravenous) tube detecting circuit for 
a peristaltic intravenous infusion pump. 

2. Description of the Prior Art 

Administration of intravenous solutions to a pa- 
tient is well known in the art. Typically, a solution 
such as saline, glucose or electrolyte in a glass or 
flexible container is fed to a patient's venous ac- 
cess site via a length of flexible plastic tubing such 
as polyvinyl chloride (PVC) tubing. The rate of flow 
of the solution is controlled by a roller clamp which 
is adjusted to restrict the flow lumen of the tubing 
until the desired flow rate is obtained. 

Flow from the container to the patient may also 
be regulated by means other than a roller clamp. It 
is becoming more and more common to use an 
electronically controlled pump. One type of pump 
that is used for intravenous solution administration 
is a peristaltic-type pump. 

Use of peristaltic pumping action is particularly 
well suited for the medical field. This is because 
peristaltic pumping action can be applied externally 
of the tubing carrying the intravenous solution. This 
maintains the sterile condition of the intravenous 
solution within the tubing while imparting fluid pro- 
pulsion on the solution. The peristaltic pumping 
action can also be applied on any point on the 
tubing. 

In a common type of peristaltic pump used in 
the medical field, a driving motor is connected to 
an array of cams which are angularly spaced from 
each other. The cams in turn drive cam followers 
which are connected to corresponding pressure 
fingers. These elements cooperate to impart a lin- 
ear wave motion on the pressure fingers. A pres- 
sure plate is secured juxtaposed to and spaced 
from the pressure fingers. The pressure plate holds 
the tubing against the reciprocating pressure fin- 
gers to impart the wave motion on the tubing-to 
propel the solution. 

In another common type of peristaltic pump 
used in the medical field, a driving motor is con- 
nected via an armature to at least one roller mem- 
ber. The driving motor imparts a circular rotation on 
the armature which has adapted in the roller mem- 
ber. A semicircular pressure plate having the same 
center point as the armature is provided with the 
tubing located between the roller member and the 
pressure plate. The pressure plate holds the tubing 
against the roller member which imparts a circular 
motion on the tubing to propel the solution. 



The pump also includes a door mounted on the 
supporting structure for movement between an 
open position which allows access to the pumping 
hardware and a closed position which impedes 

5 access to the pumping hardware. 

Fig. 7 is a perspective view of a conventional 
peristaltic intravenous infusion pump in a state that 
its door is open. As shown in Fig. 7, a wall 3 of a 
pump body has a fluid propelling portion 2 for 

w executing a peristaltic pumping action and grooves 
4 which are respectively leading to and leading 
from the fluid propelling portion 2. An IV tube 1 is 
loaded into the groove 4 so that a portion of the IV 
tube 1 is located on the fluid propelling portion 2. 

w The fluid propelling portion 2 includes pressure 
fingers as previously described although not illus- 
trated in detail. The door 5 carries a pressure plate 
7 associated with the pressure fingers. When the 
fluid propelling portion 2 is activated after the door 

20 5 has been closed, the fluid propelling portion 2 
feeds a solution in the IV tube 1 with a peristaltic 
pumping action by the reciprocating pressure fin- 
gers urging the tube 1 against the pressure plate 7. 
Pressure sensors 6 are provided on both sides 

25 of the fluid propelling portion 2 to detect mis- 
loading of the IV tube 1 . Figs. 9A and 9B show a 
structure of the pressure sensor 6. Each pressure 
sensor 6 is comprised of a first electrode 10 pro- 
vided on the front face side of the pump body, a 

30 pressure-sensitive conductive layer 1 1 provided on 
the rear face of the first electrode 10, and a second 
electrode 12 provided spaced from the pressure- 
sensitive conductive layer 11. The resistance be- 
tween the first electrode 10 and the second elec- 

35 trode 12 is higher than a few tens MO when the 
pressure-sensitive conductive layer 11 is apart 
from the second electrode 12, as shown in Fig. 9A; 
however, when the pressure-sensitive conductive 
layer 11 is pressed against the second electrode 

40 12 at a pressure more than a specified pressure P 0 
(Po = 2 Pa, for example), as shown in Fig. 9B, the 
resistance is lowered to a few Q or less. Fig. 10 
illustrates this electrical characteristic of the pres- 
sure sensor 6. 

45 Figs. 8A and 8B show a properly loaded state 

and a misloaded state of the IV tube 1, respec- 
tively. When the IV tube 1 is properly loaded to be 
located on the fluid propelling portion 2, as shown 
in Fig. 8A, closing of the door 5 will not cause a 

50 pressure to be applied to the pressure sensors 6. 
Therefore, the resulting resistance value will be 
more than a few tens MQ. On the other hand, when 
the IV tube 1 is misloaded so as to be displaced 
away from the fluid propelling portion 2 onto the 

55 pressure sensor 6 on one side thereof, as shown in 
Fig. 8B, closing of the door 5 will cause the door 5 
to press the IV tube 1 such that a pressure higher 
than the specified pressure Po will be applied to 
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the pressure sensor 6. The resulting resistance 
value will be a few Q or less. 

Accordingly, it can be detected whether or not 
the IV tube 1 is properly loaded, by measuring the 
resistances of the pressure sensors 6. Moreover, 
when an misloaded IV tube 1 is detected, operation 
of the fluid propelling portion 2 is prohibited so that 
no danger will arise to the patient. 

However, with the conventional pressure sen- 
sors 6 as described above, the resistance value will 
read more than a few tens MQ in either case where 
no force is encountered and the pressure-sensitive 
conductive layer 11 is apart from the second elec- 
trode 12, as in Fig. 9A, or where the pressure 
sensors 6 have been thrown into an inoperative 
state such as a damaged or unpowered state. This 
makes it impossible to differentiate between the 
properly loaded state of the IV tube 1 and the 
inoperative state of the pressure sensor 6. The 
result is that even if the IV tube 1 is misloaded, the 
inoperative state of the pressure sensors 6 would 
lead to a misdecision as proper loading, which 
would be of great danger to the patient. 

SUMMARY OF THE INVENTION 

The present invention has been developed with 
a view to substantially solving the above described 
disadvantage and has for its essential object to 
provide a peristaltic pumping apparatus which in- 
corporates a pressure sensor that allows the dif- 
ferentiation between a properly loaded state of an 
IV tube and an inoperative state of a pressure 
sensor, the apparatus thereby being free from mis- 
deciding a misloaded IV tube as properly loaded. 

In order to achieve the aforementioned object, 
the present invention improves on a peristaltic 
pumping apparatus which has a body having a wall 
portion and a door for allowing access to the wall 
portion in its open position and impeding access to 
the wall portion in its closed position, a propelling 
means provided at the wall portion for propelling a 
fluid contained in a tube placed on the propelling 
means with a peristaltic pumping action when said 
door is closed, and a misloaded-tube detecting 
means. 

A peristaltic pumping apparatus of the present 
invention has a misloaded-tube detecting means 
which comprises: 

(a) a sensing means provided in the vicinity of a 
propelling means for sensing a pressure applied 
to the sensing means, and including a variable 
resistive element whose resistance varies in ac- 
cordance with a magnitude of the applied pres- 
sure and a resistor connected in parallel with the 
variable resistive element and having a resis- 
tance of a predetermined value; 



(b) a comparing means for receiving output from 
the sensing means and comparing a resistance 
of the sensing means with the resistance of the 
resistor and with a specified value which is 

5 smaller than the resistance of the resistor; and 

(c) a judging means for making a decision 
based on comparison results as to whether the 
tube is properly loaded or misloaded or whether 
the sensing means is in an inoperative state 

ro such as a damaged or unpowered state. 

In an embodiment of the present invention, the 
sensing means comprises first and second elec- 
trodes spaced from each other; a pressure-resistive 
conductive element attached to one of the first and 
75 second electrodes so as to be located between the 
first and second electrodes in such a manner that 
the pressure-sensitive conductive element is apart 
from the other of the first and second electrodes 
when no pressure is applied to the sensing means 
20 and that the pressure-sensitive conductive element 
is forced against the second electrode when a 
pressure is applied to the sensing means, the 
pressure-resistive conductive element serving as 
the variable resistive element; and a resistor con- 
25 nected to the first and second electrodes. 

The judging means decides as follows: 
(i) the sensing means is in the inoperative state 
when the resistance of the sensing means is 
larger than the resistance of the resistor; 
30 (ii) the tube is properly loaded on the propelling 
means when the resistance of the sensing 
means is between the resistance of the resistor 
and the specified value; and 
(iii) the tube is misloaded when the resistance of 
35 the sensing means is smaller than the specified 
value. 

As obvious from above, according to the 
present invention, differentiation can be made be- 
tween a state that the tube is loaded in a proper 

40 position and a state that the sensing means is in an 
operative state because of being damaged or un- 
powered. Accordingly, in the case of misloading of 
the tube, even if the sensing means is out of 
operation, the misloading will never be misrecog- 

45 nized as proper loading, so that a lack of admin- 
istration of a medical agent to a patient can be 
prevented. 

Preferably, the apparatus further comprises a 
controlling means for controlling operation of the 

50 propelling means based on the decision made by 
the judging means so that the propelling means is 
allowed to operate only when the tube is properly 
loaded and that the propelling means is prohibited 
from operating both when the sensing means is in 

55 the inoperative state and when the tube is mis- 
loaded. 

Preferably, the apparatus may also have an 
alarm means for raising an alarm in response to 
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output from the judging means indicating that the 
sensing means is in the inoperative state or that 
the tube is misloaded. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully 
understood from the detailed description given 
hereinbelow and the accompanying drawings which 
are given by way of illustration only, and thus are 
not limitative of the present invention, and wherein: 
Figs. 1A and 1B are cross-sectional views show- 
ing a pressure sensor according to the present 
invention in different operational states, respec- 
tively; 

Fig. 2 shows an electrical characteristic curve of 
the pressure sensor of Figs. 1A and 1B; 
Fig. 3 is a block diagram of a peristaltic pump- 
ing apparatus according to an embodiment of 
the present invention which incorporates the 
pressure sensor shown in Figs. 1A and 1B; 
Fig. 4 is a flowchart showing the operation of the 
peristaltic pumping apparatus of Fig. 3; 
Fig. 5 is a circuit diagram of a detection circuit 
using a pressure sensor circuit equivalent to the 
pressure sensor of Figs. 1A and 1B; 
Fig. 6 is a circuit diagram of a variant of the 
detection circuit of Fig. 5; 

Fig. 7 is a perspective view showing a state in 
which the door of a peristaltic pumping appara- 
tus is opened; 

Figs. 8A and 8B show a properly loaded state 
and a misloaded state of an IV tube, respec- 
tively; 

Figs. 9A and 9B are cross sectional views show- 
ing a conventional pressure sensor in different 
operational states, respectively; and 
Fig. 10 shows an electrical characteristic curve 
of the conventional pressure sensors. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention is now described in 
more detail, referring to an embodiment as illus- 
trated in the accompanying drawings. 

A peristaltic pumping apparatus of the present 
embodiment has an appearance similar to that of 
the conventional apparatus shown in Fig. 7. This 
apparatus incorporates pressure sensors 20 having 
the structure as shown in Figs. 1A and 1B. Each 
pressure sensor 20 incorporates the first and sec- 
ond electrodes 10 and 12 and pressure-sensitive 
conductive layer 11 of the conventional pressure 
sensor 6 shown in Figs. 9A and 9B. 

The first electrode 10 and the second electrode 
12 are connected via a resistor 13 having a resis- 
tance of a few tens KQ (in this embodiment, 80 KQ 



is used). As a result, the pressure sensors 20 each 
present an electrical characteristic as shown in Fig. 
2. That is, in the state in which no pressure is 
applied to the first electrode 10, as in Fig. 1A, a 

5 resistance between the first electrode 10 and the 
second electrode 12 (this resistance is hereinafter 
referred to as interelectrode resistance) is approxi- 
mately equal to that of the resistor 13 (80 KQ). If 
the pressure acting on the first electrode 10 is less 

w than a specified pressure Po (Po = 2 Pa in this 
embodiment), the pressure-sensitive conductive 
layer 1 1 will not be urged against the second 
electrode 12, so that the interelectrode resistance 
will remain to be approx. 80 KQ. When a pressure 

w larger than the specified pressure Po is applied to 
the first electrode 10, bringing the pressure sensor 
20 into the state of Fig. 1B wherein the pressure- 
sensitive conductive layer 1 1 is pressed against the 
second electrode 12, the resistance of the 

20 pressure-sensitive conductive layer 11 will de- 
crease to a few Q or less, and the interelectrode 
resistance will also become a few Q or less. 

As shown in Fig. 3, the pressure sensors 20 
are connected via an I/O (Input/Output) circuit 21 to 

25 a microcomputer 22. This microcomputer 22 is 
equipped with a CPU 23, a ROM 24, and a RAM 
25. The CPU 23 has a function of measuring the 
interelectrode resistance of each pressure sensor 
20, a function of deciding from the measured in- 

30 terelectrode resistance value whether an IV tube 1 
is properly loaded or misloaded or whether the 
pressure sensor 20 is inoperative because of being 
damaged or unpowered, a function of controlling a 
fluid propelling portion 2 via an I/O 26 on the basis 

35 of the decision result, and a function of informing 
an alarm 28 via an I/O 27 that the IV tube 1 is 
misloaded or that a pressure sensor 20 is inoper- 
ative. 

The fluid propelling portion 2 includes a plural- 

40 ity of reciprocating pressure fingers which are as- 
sociated with a pressure plate 7 carried by the 
door 5 (see Fig. 7) to propel a fluid or solution 30 
within the IV tube 1, which solution has been fed 
from a fluid bag 29, toward a human body 31 by 

45 making the IV tube 1 repeatedly urged against the 
pressure plate 7 to thereby cause a peristaltic 
motion to the IV tube 1, under control of the CPU 
23. The alarm 28, receiving a signal from the CPU 
23, gives an alarm indicative of either misloading of 

50 the IV tube or the pressure sensor being in an 
inoperative state (hereinbelow referred to as 
"misloaded-tube alarm" and "sensor-error alarm" 
respectively). 

Next, the operation of the CPU 23 is explained 

55 referring to the flowchart of Fig. 4. 

First, at step S1, a signal of each pressure 
sensor 20 is sampled for the interelectrode resis- 
tance value to be measured. Next, the program 



4 



7 



EP 0 551 088 A1 



8 



goes to step S2, at which it is decided whether or 
not the measured interelectrode resistance value 
V M is larger than the resistance value V R (80 KQ) of 
the resistor 13. Then if the measured interelectrode 
resistance value V M is larger than the resistance 
value V R of the resistor 13, the pressure sensor 20 
is decided to be in an inoperative state. In this 
case, at step S3 the alarm 28 is controlled to give 
the sensor-error alarm and moreover at step S4 the 
fluid propelling portion 2 is prohibited from execut- 
ing the peristaltic pumping action. On the other 
hand, if the measured interelectrode resistance val- 
ue V M is equal to or smaller than the resistance 
value V R of the resistor 13, the program goes to 
step S5, at which it is decided whether or not the 
measured interelectrode resistance value V M is less 
than 1 KQ. Then if the measured interelectrode 
resistance value V M is less than 1 Kn, the IV tube 1 
is decided to have been misloaded, in which case 
at step S6 the alarm 28 is controlled to give the 
misloaded-tube alarm and moreover at step S7 the 
fluid propelling portion 2 is prohibited from execut- 
ing the peristaltic pumping action. If the measured 
interelectrode resistance value V M is not less than 
1 KQ, the IV tube 1 is decided to have been 
properly loaded, in which case at step S8 the fluid 
operating portion 2 is allowed to execute the peri- 
staltic pumping action. 

As described above, since differentiation can 
be made between a state in which the IV tube 1 is 
properly loaded and a state in which either pres- 
sure sensor 20 is in the inoperative state such as a 
damaged or unpowered state, the IV tube 1 will 
never be misdecided as having been properly load- 
ed when actually misloaded, even if the pressure 
sensors 20 are in an inoperative state. Thus, the 
apparatus of the present embodiment is safe to the 
patient. 

Although the pressure-sensitive conductive lay- 
er 11 is provided on the first electrode 10 in the 
present embodiment, it may also be provided on 
the second electrode 12. 

Also, although in the present embodiment the 
CPU 23 measures the resistance values of the 
pressure sensors 20 and decided based on the 
measured values whether or not the tube has been 
properly loaded or misloaded or whether either of 
the pressure sensors is in an inoperative state, 
such an electronic circuit as shown in Fig. 5 or 6 
may be also used to make the decision. 

Referring to Fig. 5, the electronic circuit has a 
pressure-sensitive resistor VRi which is a variable 
resistor. This pressure-sensitive resistor VRi is 
connected in parallel with a resistor Ri so that a 
circuit construction equivalent to that of the pres- 
sure sensor 20 is obtained. One junction 51 of the 
pressure-sensitive resistor VRi and the resistor Ri 
is connected to a power source V+. The other 



junction 52 of the pressure-sensitive resistor VRi 
and the resistor Ri is connected via a second 
resistor R2 to ground. 

The junction 52 of the parallel resistors VRi 
5 and Ri is also connected to a non-inverting input 
terminal ( + ) of an operational amplifier A1 . The 
output of the operational amplifier A1 is directly fed 
back to its inverting input terminal (-) to set gain at 
1. 

70 The output of the operational amplifier A1 is 

also input into an A/D (analog-to-digital) converter 
60. The A/D converter 60 converts the received 
analog signal to a digital output for subsequent 
input into a monitoring microprocessor 61. 

75 The resistors Ri , R2, VRi form a voltage di- 

vider. The voltage divider provides three operative 
state outputs. A first output state occurs when the 
electronic circuit is operating properly and no force 
acts on the pressure-sensitive variable resistor 

20 VRi . This occurs either before the IV tube is load- 
ed or when the IV tube has been properly loaded. 
In this state, the pressure-sensitive variable resistor 
VRi has an extremely large resistance value which 
in effect is equivalent to an open state. Accord- 

25 ingly, the resistors Ri and R2 form a voltage di- 
vider to output a predetermined voltage. 

In a second state, the electronic circuit is 
damaged, inoperable, or not powered. In this state, 
no voltage will be outputted. 

30 In a third state, the IV tube 1 is misloaded and 

exerts a force on the pressure-sensitive variable 
resistor VRi . Because the door of the apparatus 
has been forced closed in an attempt to force 
operation, this force is significant. With this force 

35 exerted, the resistance of the pressure-sensitive 
resistor VRi decreases to a relatively small one. 
This preset resistance cooperates with the resistor 
R2 so as to form a voltage divider for producing a 
predetermined voltage. 

40 The resistances of the force-activated variable 

resistor VRi , resistor Ri , and resistor R 2 are preset 
to allow differentiation among the first, second and 
third states. 

The output signal is then buffered by the oper- 
45 ational amplifier A1 with a gain of 1 and subse- 
quently a signal is provided to the A/D converter 
60. The output of the A/D converter 60 is input into 
the microprocessor 61. The microprocessor is 
preset to "read" the various signals and interpret 
50 which state the misloaded tube detection circuit is 
in. 

Fig. 6 diagrams alternative preferred electronic 
circuit. Also in this case, the pressure-sensitive 
variable resistor VRi is provided in parallel with the 
55 resistor Ri . One junction 51 of the pressure-sen- 
sitive variable resistor VRi and the resistor Ri is 
connected to a power source V+. The second 
junction 52 of the pressure-sensitive variable resis- 
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tor VRi and the resistor Ri is connected to ground 
via the resistor R 2 . 

The junction 52 of the parallel resistors VRi 
and Ri is also connected to non-inverting input 
terminals ( + ) of two operational amplifier A 3 and 
A+. The inverting input terminal (-) of the oper- 
ational amplifier A 3 is connected to a junction 53 of 
two series resistors R3 and R*. The other junction 
or connecting point 54 of the resistor R3 is con- 
nected to a power source V+. The inverting input 
terminal (-) of the operational amplifier is con- 
nected to a junction 55 of the resistor R* and a 
series resistor R 5 . A connecting point 56 of the 
resistor R 5 is connected to ground. 

Thus, the pressure-sensitive variable resistor 
VRi , resistor Ri , and resistor R2 will operate in the 
manner described above. The series resistors R3, 
R^, and R 5 are selected to form a preset voltage 
divider for setting levels for tube misloading and 
circuit error detection. If a tube misloading is read, 
the operational amplifier A* outputs a high level 
signal, while if a circuit error is read, the oper- 
ational amplifier A 3 outputs a high level signal. As 
can be readily appreciated by one skilled in the art, 
the outputs of the operational amplifiers A3 and A4 
can be used to signal the state of the tube. 

Although the present invention contemplates 
use of any pressure-sensitive or reactive resistor 
element, the present embodiments are designed to 
use a pressure-sensitive resistor element having a 
resistance value which is inversely related to the 
pressure or force applied to the element. An appro- 
priate pressure-sensitive resistor element is avail- 
able from Interlink Electronics of Santa Barbara, 
California. Of course, other resistive sensors are 
contemplated as within the scope of the present 
invention. Furthermore, use of other electronic sen- 
sors such as a capacitive sensor or a thin mem- 
brane type switch are also contemplated. 

It should be understood that various changes 
and modifications to the preferred embodiments 
will be apparent to those skilled in the art. For 
example, while the present invention has been de- 
scribed in conjunction with the peristaltic pump 
having pressure fingers, the principles of the 
present invention can also apply to a rotary-type 
peristaltic pump. Such changes and modifications 
can be made without departing from the spirit and 
scope of the present invention without diminishing 
its intended advantages. It is therefore, intended 
that such changes and modifications be covered by 
the appended claims. 

Reference signs in the claims are intended for 
better understanding and shall not limit the scope. 



Claims 

1. A peristaltic pumping apparatus comprising: 

a body having a wall portion (3) and a door 
5 (5) for allowing access to said wall portion (3) 

in its open position and impeding access to 
said wall portion (3) in its closed position; 

a propelling means (2) provided at said 
wall portion (3) for propelling a fluid (30) con- 
70 tained in a tube (1) placed on said propelling 

means (2) with a peristaltic pumping action 
when said door (5) is closed; 

a detecting means for detecting misload- 
ing of said tube (1), said detecting means 
15 having: 

(a) a sensing means (20) provided in the 
vicinity of said propelling means (2) for 
sensing a pressure applied to said sensing 
means, and including a variable resistive 

20 element (11, VRi) whose resistance varies 

in accordance with a magnitude of the ap- 
plied pressure and a resistor (13, Ri) con- 
nected in parallel with said variable resistive 
element (11, VRi) and having a resistance 

25 of a predetermined value; 

(b) a comparing means (23, 61, A3, A*) for 
receiving output from said sensing means 
(20) and comparing a resistance of said 
sensing means (20) with the resistance of 

30 said resistor (13, Ri) and with a specified 

value which is smaller than the resistance of 
said resistor; and 

(c) a judging means (23, 61) for making a 
decision based on comparison results as to 

35 whether said tube (1) is properly loaded or 

misloaded or whether said sensing means 
(20) is in an inoperative state such as a 
damaged or unpowered state. 

40 2. The apparatus of claim 1, wherein said judging 
means (23) decides that: 

(i) said sensing means (20) is in the inoper- 
ative state when the resistance of said sens- 
ing means is larger than the resistance of 

45 said resistor; 

(ii) said tube (1) is properly loaded on said 
propelling means (2) when the resistance of 
said sensing means (20) is between the 
resistance of said resistor and said speci- 

50 fied value; and 

(iii) said tube (1) is misloaded when the 
resistance of said sensing means (20) is 
smaller than said specified value. 

55 3. The apparatus of claim 1 , further comprising a 
controlling means (23) for controlling operation 
of said propelling means (2) based on the 
decision made by said judging means (23) so 
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that said propelling means (2) is allowed to 
operate only when said tube (1) is properly 
loaded and that said propelling means (2) is 
prohibited from operating both when said sens- 
ing means (20) is in the inoperative state and 5 
when said tube (1) is misloaded. 

4. The apparatus of claim 1, further comprising 
an alarm means (28) for raising an alarm in 
response to output from said judging means 10 
(23) indicating that said sensing means (20) is 

in the inoperative state or that said tube (1) is 
misloaded. 

5. The apparatus of claim 1, wherein said sensing 75 
means comprises: 

first and second electrodes (10 and 12) 
spaced from each other; 

a pressure-resistive conductive element 
(11) attached to one of said first and second 20 
electrodes (10) so as to be located between 
said first and second electrodes (10 and 12) in 
such a manner that said pressure-sensitive 
conductive element (11) is apart from the other 
of said first and second electrodes (12) when 25 
no pressure is applied to said sensing means 
and that said pressure-sensitive conductive 
element (11) is forced against said second 
electrode (12) when a pressure is applied to 
said sensing means, said pressure-resistive 30 
conductive element (11) serving as said vari- 
able resistive element; and 

a resistor (13) connected to said first and 
second electrodes (10 and 12). 

35 

6. A misloaded-tube detector for a peristaltic 
pumping apparatus comprising: 

a pressure sensing circuit having a vari- 
able resistive element (VR1) whose resistance 
varies in accordance with a magnitude of a 40 
pressure applied thereto, and a resistor (R1) 
connected in parallel with said variable resis- 
tive element (VR1 ) and having a resistance of a 
predetermined value; 

a first comparing circuit (A3) for comparing 45 
output from said pressure sensing circuit with 
a first reference value; and 

a second comparing circuit (A4) for com- 
paring output from said pressure sensing cir- 
cuit with a second reference value. 50 
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